Abstract: Achieving appropriate fertility rate is important for any country. In spite of having a higher fertility rate than desired Bangladesh has been able to reduce it in a remarkable extent in the recent years. This decline in fertility has created much interest among researchers, policy makers and academics because such dramatic change in fertility has occurred in Bangladesh without a substantial improvement in the socioeconomic status, health conditions and other factors which are usually required for fertility decline.
INTRODUCTION
Bangladesh, along with other obstructions to socio-economic development, is burnt with a high fertility rate. It is one of the most populated countries in the world: 920 persons live per square kilometer, with 150 million people living in the country's small area of 147,570 square kilometers. It has a growth rate of 1.48 percent per year. Recently, a decline in fertility rate is noticed. Despite the recent decline from 6.3 in 1975 to 2.7 in 2007 (Mitra et al. 2007) , the fertility rate is still far above the replacement level. The recent decline in fertility has created much interest among researchers, policy makers and academics because such a dramatic change in fertility has occurred in Bangladesh without a substantial improvement in the socio-economic status, health conditions and other factors which are usually required for fertility decline (Amin et al. 1993 ).
Fertility has a great impact on the socio-economic condition of a country. Understanding the level, pattern, and nature of fertility could help decision makers to make policy. The first systematic classification of the proximate determinants of fertility was made by Davis and Blake (1956) . Proximate determinants of fertility are defined as the biological and behavioral factors through which social, economic and environmental variables affect fertility. Davis and Blake heralded the demographic literature for having made explicit the distinction between the factors, which directly and indirectly influence fertility. They identified direct factors, which are known as intermediate fertility variables as they mediate between fertility and other variables.
Later, in the late seventies Bongaarts (1978) revised Davis and Blake's framework and proposed a new system that incorporates only seven variables which he termed the "proximate determinants of fertility". Using data from 41 developed and developing countries Bongaarts and Potter (1983) observed that 96% of the variation in the total fertility rates could be explained by four principal proximate determinants. The remaining three variables explain very little variation of the total fertility rate. Because of this result, it seemed reasonable to ignore these 'redundant' intermediate variables from subsequent analysis. To quantify the fertility inhibiting effect of the four major proximate determinants, Bongaarts developed a model, which is now widely used in fertility analysis. This paper utilizes the data extracted from the Bangladesh Demographic and Health Survey 2007, a nationally representative survey of 10996 ever-married women of age 10-49, which was conducted under the authority of the National Institute of Population Research and Training (NIPORT) of the Ministry of Health and Family Welfare. Data on abortion of Matlab study (ICDDR,B 1996 ) is used as a proxy as these data are not reliable. The main objective of this paper is to analyze the proximate determinants of fertility in Bangladesh and to estimate their fertility inhibiting effects.
THE STRUCTURE OF BONGAARTS MODEL
The Bongaarts model summarizes the relationship between the total fertility rate and the proximate determinants of fertility, and is worldwide known as the Bongaarts model of proximate determinants. The Bongaarts model assumes that the natural reproductive capacity, i.e. total fecundity rate (TF) of women is nearly the same for all women, but their actual reproductive performance is modified by four major proximate determinants. The fertility effects of the four most important proximate determinants, marriage, contraception, induced abortion and postpartum infecundability are measured by four indices C m , C c , C a and C i respectively. The Bongaarts model is as follows: The TF values of most populations fall within the range of 13 to 17 births per woman, with an average of 15.3 (Bongaarts 1982) . Bongaarts expressed his model as:
Estimation of the Indices
There are different ways to estimate the indices C m , C c , C a and C i . However, in most applications the indices are estimated directly from the measures of the proximate determinants and are described as follows:
Estimation of C m
The index of marriage is determined by the age-specific proportions of currently married among females. The index C m is not simply equal to the proportion of all women of reproductive age that is married because the fertility impact of marriage also depends on the age distribution of married women. Married women in the central childbearing years contribute more to the TFR than the youngest or oldest women because the age-specific marital fertility rates reach their maximum in the central childbearing ages. To take this age effect into account, the index C m is estimated as the weighted average of the age-specific proportions of females currently married, with weights provided by the age-specific marital fertility rates:
Where m (a) = the age-specific proportions of currently married (or in consensual union) among females g (a) = the age-specific marital fertility rates
Estimation of C c
The index of contraception varies inversely with prevalence and use-effectiveness of contraception practiced by couples in the reproductive age groups. The index C c is estimated as:
2) Where u = the proportion currently using contraception among married women of reproductive age (male methods, abstinence other than postpartum, and sterilizing operations are included) e = the average use-effectiveness of contraception 1.08 = the adjustment factor for sterilizing, on an assumption that all the contraceptive users may not be fecund at the time of using contraceptives and a small proportion of sterile women may use contraceptive without knowing their fecundity.
Estimation of C i
If no breastfeeding and postpartum abstinence are practiced, the birth interval averages about 20 months, the sum of 1.5 months of minimum postpartum an ovulation, 7.5 months of waiting time to conception, 2 months of time added by spontaneous intrauterine mortality, and 9 months for a full term pregnancy. In the presence of breastfeeding and postpartum abstinence the average birth interval equals, approximately 18.5 months (7.5+9+2) plus the duration of postpartum infecundability. Then index Ci is estimated as:
where i = the average duration of postpartum infecundability caused by breastfeeding or postpartum abstinence.
Estimation of C a
As suggested by Bongaarts and Potter (1985) , the index of induced abortion, C a can be estimated as follows:
where TA= total abortion rate B = 0.4× (1 + u) is the average number of births averted per induced abortion u = the proportion of women of reproductive age currently using contraception
The complement of each index represents the proportionate reduction in fertility attributable to each fertility determinant. The lower the index value the greater is the fertility reducing impact. The index C m represents the proportion by which TFR is smaller than TMFR as a result of the marital pattern. Similarly, the index C c gives the proportion by which TMFR is smaller than TN with the level and effectiveness of contraceptive use, the index C i gives by how much TN is smaller than TF due to the effect of lactational infecundability.
FERTILITY INHIBITING EFFECTS OF THE PROXIMATE DETERMINANTS
To estimate the fertility inhibiting effects of the four principal proximate determinants: marriage, contraception, induced abortion and lactational infecundability, the formulae of (2.1), (2.2), (2.3) and (2.4) as discussed in the previous section are applied. The summary measures, which are needed for the application of the model, are presented in table 3.1. In the table, total marital fertility rate (TMFR) is calculated by summing up Age-Specific Marital Fertility Rate (ASMFR) for each age group in the five year bracket and then, multiplying the derived sum by 5. The ASMFR have been derived by dividing the age-specific fertility rates by the proportion of women currently married in each age group. The estimates of the indices of the four major proximate determinants for Bangladesh are presented in table 3.2 and that for the different background characteristics are presented in table 3.3. The complement of each index represents the proportionate reduction in fertility attributable to each fertility determinant. The results indicate that in 2007, contraception has the highest fertility reducing effect, accounting for 51.1 percent (Cc =0.489) reduction of TN relative to TMFR, for entire Bangladesh, compared to 45.5 percent in 2004.The corresponding figures for rural and urban areas are 51.3 and 58.9 percent respectively. The percentage reduction in fertility due to contraception is also significant for the various levels of education and divisions. The fertility reducing effect of contraception is the highest in Rajshahi division and lowest in Sylhet division. Among the different education levels contraception plays the most remarkable role in fertility decline. The percent reduction in fertility due to contraception is the highest in wealthiest group.
Marriage is the second most important fertility-reducing factor, which reduces the actual fertility level below the marital fertility by 25 percent (C m =0.75). The corresponding figures for rural and urban areas are 25 and 30.9 percent respectively. The same percentage observed among illiterate women is lower than the corresponding figure for any other educational subgroup. Among the divisions the highest reduction in fertility due to marriage is observed in Barishal and the lowest in Rajshahi. Marriage leaves the least effect on fertility in the lower wealth group.
Lactational infecundability is the third most important fertility-reducing factor, reducing the total fecundity rate by 17.7 percent (C i =0.823). The corresponding figures for rural and urban areas are 18 and 15.4 percent respectively. In the illiterate group of women the percentage reduction in fertility due to lactational infecundability is greater than that of any other educational group. We see very significant differences in the three wealth groups for the effect in fertility due to lactational infecundability. In Bangladesh induced abortion has the least impact on fertility. In 2007, induced abortion reduced 4.1 percent (C a = 0.959) fertility in Bangladesh, compared to 3.7 percent in 2004.
The Transition in the Proximate Determinants of Fertility
As a population moves through the transition from natural to controlled fertility there is, by definition, an increase in deliberate marital fertility control. To provide a clear picture of the trends in the proximate determinants, Bongaarts (1982) showed four transition phases according to the level of fertility based on the data of 41 developed and developing countriesPhase I: TFR > 6.0
Phase II: 4.5 ≤ TFR ≤ 6.0 Phase III: 3.0 ≤ TFR ≤ 4.5
Phase IV: TFR < 3.0 Bongaarts showed that the fertility of most populations in phase I is close to natural while populations in phase IV have completed most or all of the fertility transition. Estimates of the proximate determinants--the indices C m , C c, C a and C i and the total marital fertility rate, total fertility rate and other selected reproductive measures are presented in table 3.4 for the years 1975, 1989, 1993-94, 1996-97, 2004 and 2007. (Islam & Islam 1993) , which was close to natural fertility. These results indicate that Bangladesh was in the first phase of fertility transition according to Bongaarts's classification during 1970s. In 1989 TFR declined to 5.12 from 6.33 in 1975 indicating that Bangladesh was in the second phase of fertility transition according to Bongaarts classification (Islam & Islam 1993) . The TFR of Bangladesh again declined from 5.12 to 3.44 in 1993-94 (Islam et al. 1998) . According to Bongaarts's classification Bangladesh was in the third phase of fertility transition in 1996-97 (Mitra et al. 1996-97) . Bangladesh was in the last step of the third phase of fertility transition in 2004 (Mitra et al. 2004) . Although Bangladesh was still in Phase III, the trends in the various fertility measures and estimates of the indices of proximate determinants show that the country is knocking at the door of the fourth phase of the fertility transition.
As expected from the previous survey, it is found from the BDHS 2007 that Bangladesh has become successful in reaching the final level of fertility rate which is 2.7. One thing must be added that though Bangladesh is in the final stage of fertility rate presently, it is still lagging far behind in attaining the replacement level of 2.1 children per woman (Mitra et al. 2007 ). However, analyzing the past trends, it could be hoped that if effective measures and realistic strategies are adopted, it would not take very long to reach the cherished level.
PROJECTION OF FUTURE FERTILITY
The Bongaarts model of proximate determinants is now used worldwide for fertility analysis. Moreover it can be used for projecting future fertility and estimating the required contraceptive prevalence rate to reach a certain fertility level. This is illustrated below.
Suppose that TFR 1 and TFR 2 be the total fertility rates, in respectively, year1 (the present) and year2 (a year in the future), and let the corresponding levels of contraceptive prevalence and use-effectiveness be u 1 and e 1 , and u 2 and e 2 , respectively. The objective now is to estimate the level of the total fertility rate if contraceptive practice changes between year 1 and year 2. Here we assume that the indices for all other proximate determinants except for contraception remain constant, i.e., C m1 = C m2 , C a1 = C a2 , C i1 = C i2 , TF 1 = TF 2 . Then obviously- With the help of this equation we can project fertility in some future time. Suppose that the government of Bangladesh wants to increase the contraceptive prevalence rate to reduce the level of fertility. In Bangladesh the current contraceptive prevalence rate is 55.8 percent. Let assume that the government has taken a program to increase contraceptive prevalence rate and the program increases the current contraceptive prevalence rate to 65.0 percent. If this achieved prevalence rate remains constant till the year 2020, then we can project the TFR for the year 2020. Then the projected total fertility becomes- 
Projection of Contraceptive Prevalence Rate Required to Reach Replacement level
Suppose that the government of Bangladesh wants to achieve replacement level fertility by the year 2020. For this purpose the government may want to increase the current contraceptive prevalence rate to achieve that goal. In this case the government may be willing to allocate an exact amount of money to enhance the family planning program, if the required contraceptive prevalence rate is known. The Bongaarts model can help the government to project the contraceptive prevalence rate required to reach the replacement level. A little rearrangement of the equation (4.1) leads to the following equation, which can be used to estimate the contraceptive prevalence rate required to achieve a projected fertility level: 
